Introduction
Rare earth aluminosilicate glasses have attracted large attention from the material sciences community due to their interesting physical and chemical properties like high glasstransition temperature [1] [2] [3] [4] (T g ~ 900°C); attractive mechanical properties such as high hardness (~ 8 GPa) and elastic modulus (~ 100 GPa) [5] [6] [7] [8] [9] or great chemical durability (normalized losses at high surface-volume S/V ratio of Si, Al and Ln ~ 10 -5 to 10 -7 g/m 2 j). [10] [11] [12] [13] [14] Therefore this family of glasses has a large range of applications in modern technology like (a) host materials for laser, optical storage or optical communication; (b) bonding agent for silicon nitride ceramics;
(c) matrix for the storage of long-lived actinides. These glasses, with or without small amounts of alkali modifiers, can be also considered as model systems for the study of potential matrix for the storage of long lived actinides (Pu as well as minor actinides has been found to be in good agreement with previous experimental works. 19, 20 The thermochemical behavior of those rare-earth aluminosilicate has been explored using DTA 4, 21 and calorimetric studies 22, 23 and their crystallization behaviors have been assessed. 21 The structure of LAS and/or YAS glasses have been investigated by ultrasonic measurements 24 , Raman 3 and FTIR 3, , , 4 28 30 spectroscopies and solid-state NMR [25] [26] [27] [28] [29] [30] spectroscopy (standard magnetic fields) over the last decade. It has been suggested that rare earth aluminosilicate glasses lack structure beyond the short range and that a wide distribution of types of non-bridging oxygen ions exists for these glasses. 3 The general disorder in the silicate network is due to a wide distribution of Q n units with the presence of Q 2 but also more polymerized Q 3 and Q 4 units, 4 . Density and fractal bond connectivity models suggest a twodimensional layer structure. 24 The rare earth act as a modifier except at high lanthanum content (> 25 mol%) where the formation of co-ordinate links prevails on the reduction of cross links. 4 Previous 27 Al NMR studies, carried out at moderate principal fields and spinning rates,
show that the dominant aluminum species is AlO 4 in conjunction with the existence of small amounts of AlO 5 and/or AlO 6 . Nevertheless the strong overlap of the various 27 Al MAS NMR lines obtained for those glasses preclude quantification and only semi-qualitative evolutions have been derived from the spectra analysis.
The goal of this study is therefore to improve the characterization of the aluminum environments in La-and Y-aluminosilicate glasses using a combination of high magnetic field and high spinning speed which have been available only recently. 27 Al NMR experiments were also performed in situ in the high-temperature molten state in order to characterize the temperature dependence of their structure and dynamics. were not subjected to heat treatments since they are well known to be free of such impurities.
The mixtures were then melted at around 2000°C under air during approx. 2 mn on a watercooled aluminum plate associated to a vertical axis laboratory scale solar furnace of 2 kW with an average solar flux of 900 to 1000 W/m 2 . The temperature and melting time were chosen to ensure a good chemical homogeneity of the glasses as well as to prevent any compositional shifts due to the preferential vaporization of silica. Upon suddenly removing the samples from the solar furnace's focus point the samples were cooled at a cooling rate of ~200°C/s and transparent quasi-spherical glassy droplets of 2 to 6 mm diameter were obtained. The glass compositions were analyzed by SEM-EDX analysis (SEM: Hitachi S 4500, EDS: Kevex) after gold metallization and using a beam energy of 15 keV. Glass transition and crystallization temperatures were previously determined by differential thermal analysis performed on small glass pieces. 21 In table 1 we report the glasses compositions and the thermal events observed: namely T g (glass transition temperature), T c (first observed crystallization thermal event) and T m (melting temperature) when the melting of the crystallized glass is observed (see reference 21 for details). Figure 1 gives the position of each composition on the 1D single pulse experiments were performed while spinning the sample at 30 kHz, with a short (1 µs = π/20) pulse using a 25 kHz radio-frequency field, 8000 scans and a spectral width of 2 MHz allowing the acquisition of the extended set of spinning sidebands. The removal of the rolling baseline due to dead time truncation was done afterwards using a manually defined spline function.
27
Al spin-lattice relaxation times T 1 were estimated to be 1.5 s (sample Y04A21) and 5.5 s (sample L02A23) and the recycle delay was then set to 0.5 s for all compositions to allow for a full relaxation of the spin system after the small tip angle pulse used.
2D triple-quantum MAS experiments were obtained using a shifted-echo 31 sequence with a 30.03 kHz spinning speed. An rf-field strength ν rf = 150 kHz was used leading to optimal excitation and reconversion pulse of 3.0 and 1.1 µs respectively whereas the 20 µs π refocusing pulse was performed at ν rf = 7 kHz.
Al spin-spin relaxation times T 2 were estimated to be 30 ms (sample Y04A21) and 25 ms (sample L02A23) and the echo shift was set to 50 rotor periods (i.e. 1.65 ms). The recycle delay was 0.3 s, 480 scans were accumulated for each of the 16 t 1 slices with an increment of 33.3 µs (i.e. a rotor-synchronized acquisition in the t 1 dimension 32 ).
All high-temperature experiments were performed on a 7.04 T Bruker Avance 300 spectrometer operating at 78.2 MHz and equipped with a previously described laser-heated homebuilt setup and time resolved acquisition conditions. 33, 34 The sample weighting between 50
and 150 mg is placed in a convergent-divergent boron nitride nozzle allowing levitation on an air jet while heated from the top and the bottom by two computer-controlled CO 2 lasers. This allows the observation of the liquid phase and the recording of NMR spectra during the cooling of the sample at a rate of approx. 200°C/s after switching off the lasers. The applied pulse width was 40 µs (π/2 pulse), the spectral width 10 kHz and the recycle delay 50 ms. Chemical shift are given with reference to a 1 M Al(NO 3 ) 3 solution at room temperature and hence uncertainty is approx. ± 0.5 ppm. The temperature of the sample is measured with an optical pyrometer (λ = 0.85 nm) through a fiber whose end is placed 75 mm above the sample inside the magnet. A temperature calibration is performed by cooling samples of Al 2 O 3 with various weights and recording their well marked temperature plateau due to crystallization at 2054 C.
Since the compositions studied here contain a high proportion SiO 2 known to easily vaporize, only two cooling experiments were performed with each sample using a starting temperature as low as possible. With those precautions the total heating time for each sample was less than and Al VI increases upon decreasing the rare-earth content, the peaks of the YAS glasses are broader than their LAS counterparts. There is also an already mentioned tendency for the YAS glasses to contain more Al V species than their equivalent LAS composition.
Considering the fact that the MQMAS experiment is intrinsically not quantitative and because of the strongly overlapping nature of the 1D peaks, it is necessary to perform a careful simulation of the one-pulse experiments to extract the population of the three aluminum species. The distribution of can be handled by using the approach originally developed by figure 3 and the list of all fitted parameters is given in table 2. C , a behavior which has -to our best knowledge-never been observed before in aluminum containing glasses.
One of the most valuable information extracted from the simulations and which was absent from the previous studies on those systems are the evolution of the population of the various aluminum environments as a function of composition. This is reported in figure 4 
This has been experimentally checked in the previous high-temperatures levitation experiments performed in our laboratory 33 Since high-temperate viscosity measurements are available for some YAS compositions 48 it is interesting to compare the NMR correlation times with the relaxation time for viscous flow τ η related to the viscosity η according to the Maxwell equation:
where is the shear modulus at infinite frequency which is known to depend little on both temperature and composition for aluminosilicate melts The effect of temperature is clearly monotonic, the temperature range explored is too limited to sample properly the expected 39 Tamman-Vogel-Fulcher equation and a linear behavior is observed. The slopes of the ln(τ)=f(1000/T) are reliably different and the Arrhenius activation energies E a can be measured from the curves plotted in figure 9 and are reported in ta- The rather high field strength of Ln 3+ cations also induces strong distortions upon the average Al IV environment leading to a IV Q C found here around 10 MHz, i.e. larger than the typical 6-7 MHz value found in calcium aluminosilicate glasses using the same lineshape simulation procedure. 57 Slightly larger isotropic chemical shift distributions σ(δ iso ) are also observed in this study, consistent with more distributed aluminum environments. Due to the disordered nature of the samples, the EFG contribution of distant atoms is equivalent for all aluminum sites and the observed differences between IV Q C and V Q C has to come from local differences.
Since high field strength cations seems to induce larger EFGs, the bigger This increase in δ at T g shows that at some time in the cooling process part of the Al V and Al VI species formed at high temperature are transformed back to Al IV units. The aforementioned Al IV stabilizing mechanism is therefore seemingly favored at low temperatures and in melts containing few modifiers, a behavior also expected for tricluster. 52 The isostructural thermal evolution (i.e. pure thermal expansion, no changes in the aluminum speciation as a function of temperature) has been previously estimated from the Al 2 increases the "fragile" character of the melts. Ln 2 O 3 is here found to play a modifier role in the sense that it weakens the aluminosilicate network. Figure 7 shows also that for a given It is also interesting to note that both δ 1900°C and Δδ/ΔT but also the activation energy E a 
Conclusions
This investigation of a series of yttrium-and lanthanum-aluminosilicates glasses and melts led us to describe the evolution of the five-fold coordinated aluminum's population as a function of composition. In these glasses, a quantitative simulation of the high-field highspeed MAS 27 Al spectra showed that up to 20% of Al V is found, predominantly in the peralu- Table 3 Figure captions Figure 9 
